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The prB'Heirit thesis an out come of researches carried out by 
me in the fieid Of "ON PROPABA I'lON OF tXPl.OBlOH ANU UiPLOSJON 
WAVES IN STELLER INTERIORB" under the «aupervisioT\ of Or ,V\.K..8in(3h 
I, M.at:, Ph.i) » A»P. (Reader > xn the department of AppiJed 
i haihemrttit'A't (n«ti,tut» of Enqinewring and Technology Bltapur Road 
I Lucknow , IS being submitted for the award of Fh. 0 . degre in 

. ' ■ , ■ . ■ ■ „ ' ■ ■ . . '!iNy 

Hathematics . The thesis has been devided in to seven Chapter, 
each Chapter has filfther sub devided into a number sections and 

subsections. The first Chapter is introduction iilustrstlng the 

■■ ■ ■ . ' 

basic equation involv'ed in the out come of the present 
thesis . It briefly discussed the basic idea of newtonian fluid 

fc; Law of Culerian motion governing the flow^ equation. Of laws 

of conaer v'at ion of mass and the equation of energy involved therein 

. 

.it also highiigiit how the discontinuities occur in case of 
sudden eiiplosion the f undaaientaiequat ion &; which governs the flow 
at fehci i inld pav ticias beliind the blast wave and corrusipondihg 

; jump in the physical variable has also be described . Wtieri sucli 

_ ; ■ , : 

discontirmi ties pass through a conducting rigion the fundamental 
equation are coupled with the maKwell^'s eiectromegnetic equation 
and in the radiation phenomina due to ultra violet rays and 
X-Rays becomes important and the thermodynamic Laws play a 
sigm i" leant role . A model of such equation have been der ived in 
the suDsequent section.. 


Chapter ij, models the propagations of spherical high 
tempera ture discontinuities We&wf irr a ionized atmosphere 


A J, ai ties 


of the fundmental equation governing 




solutions 



>contxnuH;,t^, due to sudden point exploaxon been 
^ nmunUim t!.b vwJucfUt.*. of ftnid 
end-, to infinity m the region bounded toy the eKpio«ion 
Blse where the fluids particle are at rest. 


In the Chapter io the idea Concieve from the J^hapte,. 

nh« i««n ,Kt«v.<)«d i„ « ,„t ,r.wti.tinn In «h. interior. 

of star . rha viscosity and haat Conduction etfact ara naglacted 
to, , onvonionoa and the antropy Of tl,s system is taken as 

constant along a straight' line. , 


hapter IV tfte propagation of the 


exploding 


wavesi produceri on account of 


udden energy r eleased in ar» 


onuinary gases 'of varia 


been 


sil^ularib |,;- 

f ormulated 


points 


Integration has also been 


I he Chapter V discusses the growth and decay of the 
tii &i uniinvi i tie-u n iAm case of ttiermai mecJium^the highej order 
CDinpauibie condition have been obtained „ In application of the 
compatibxfey condition has been laid clown in the subsequent sections 


, VI y%«:. ivlty §ii in 

prossce ohopi ha. hoem ponsldaratl , ttw tPUuk.wsB of th» suth a 
,B poupid^rod to be Finite.fhe aro«th equations for euch is 
Shock has faee„ derivied in IhermaJly 8 . elec t,- ,c..l ly conductino 

•■ *^■'.'..4 ysr-', VU il't rads at, ion sffect , 

In last Chapter of the present out, 
discussed, the di f f'erential effect of 


come , th® Chapter Vll^we 
Isothermal shock where the 
her.. ..dUitio,, „ oieuthtcallv qor,dut:ltin« q.e ,» pooerbl. .o„,e 

P^ticulu, caeoe have al»o been diecueeed acrpe. the ehock eurface 
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'iJCAjcaslucii^i 


INewton's principlei 


The cheory of fluid fiowtfor an incompressible fluid whether 
liquid or gas is daisies on trie Newtonirn fluids. The esseniiidi part' 
of the Newton's principle can be formulated into the folowing 
■'(statments 3 ■ ' ; 


Na) !o each particle of the fluids can be assigned a positive 
number m in variant in time and called its massjand 


<,bj The partinie moves xn such a way that at each moment the 
produce, or its acceleration vector by m is equal to the sum of 
certain other vectors called forces whicli are determined by the 
Circumstances under' which the motion take place (Newton's 

second ■ Law! . . \ . 


mw,unito oT a limiiiuy process,^ this pr inciple can be adapted 

f ' • 

to the case . of continuum in which a velocity vector 17 and an 
acce ei, a i I (:>vs vector dli/dt exist at eacli ■ po i iit^ wi tti co-*or'*d i iia tes 

xx,y,z) or position r and dv a volume element in tlie nsigh- 
boui hood of p , to this VDiume element will be assigned a mass p 

S dv wher~e is the density or mass per unit volume . Density ar'e 
measurml irj Kg/m® . {he forces acting upon this element are, the 
extei iial tore© of gravity g dv and the internal fort:ey 
! esu 1 l i ng Srooi inter act ion witTr ad jecent voliime element .. Iltus, 
stEt; 3e’viijj,nq Oy iJv tfie raiation 




3.a H fAfst eKprefiaion at stiHijemtint (t») 


To formulate part: (a) of Newton's principle note that the 


iqrted to any finite portion of the cont im^um i 


V and therefore since this is invariant with respect to 


first the nieaniny of the differentiation symbol U/dt occur’lny ir 


equation Li. 13 and Ci.S3 are as per convention 


function of the four 


and t, so that partial derivatives with respect to time and with 


respect to the space co-ordinate may be taken as well as the 


direction 1 is given by 


where cos ll.xl.cos 


Are the direction cosine defining the directionl.ln particular;! 


rs the direftioh of U th® dlirection cosine may be 




ii.3) ^ ^ 


fl- S ,1 S tiSG^tl .1 11 f3 1 ^IT r? n 14*^^ 

P-iacc or 1 to designate the direction of the 
.line Dt 1 I DIMS for this direction 


U Ul 


is meant n.,t 

partial dif fa, antiation with respect to t at constant (x,y,,) 

Bet rather dtf ternti ation tor a yiven particle „here poeitlon 

Changes according to equation (i.3) 


dy ti 


d2 ^ 




V u, 

cJy 


tiz Sit 3ls 


< i . 4 > 


fct>e» acculeratjori Vactior du/rtt- , o. 

un/dt .. tha time rate of chanqe of the 

Velocicv vector fl for a definite material particle which 
, . * H«' ticie which moves in 

direction of u at the rate . dafdt.the operation dfdt mav he 

particle dxtterntiation or material differentiation with 

Aspect to t i flia ia r* ^ aii 

«.ime at a fitted position Ar, -ir-aa a. - 

Hwa*i,*on . Hn alterna tive tor of 


I 


tjuation (l.ff) ig 


■ + < jf „ grad) 


tl.S) 


f'"® grad 


is .considered 


as a symbolic vector with the 


component 


and 




t 


f^/l 3 ;t , h/hv 


cil a a 


1' o r 


^/'^z in accordance wj. th the weil known notation 
tile vector with components 3f/clx , ckf/^ly and 
^.r,M^;,;, which IS called the qradient of f and the scalar pi'oduct 

... t»L. f,'. sill::, 'ha product U times the component ot cjrad in the U 

cti rcction i-"e- ■ ' 


U 


Ss 


U. 


a"- ”~- 

dx 


9 v 9 z 


equation '..t. 4 > or <i. 5 > will be represent to as the tui 
.' ! i t-fcrentiation 


er ru le of 


feiiitew i-ojii.». 'tils; ti£"-tt&Mfe!ifeEa!la^-to: ^ im ^ i 


The equation (l.u l.olda for any qontinuoualy d.atnbutad 
Itasa in which the doneity P Is defined at each point and at eaoh 
moeent o, tiee . By inylscld fluid la e.ant that the force acting 
oi. any fcui race element .da at which two element of the fluid are 

contact acta in airection normal to the surface element. fit 

each point p the atreaa or the force per unit a,-aa la independent 
ot the orientation tdirection of the normal > of de . ,he value 
of ati.aa 1» called the hydraulic preaaure or briefly preaau. o, 
p.at the point P for « small rectangular cell of fluid of V 
volume- 1... , p, py p, preaaure forces act on the «-dlrectlo„ 

- ».-u f.i.: elements of area dy dt. rahing the «-ayia toward the 
■ -fllvt iho le-ft hand face experiences a force p dy dt directed 

1.1,0 r.pht „nipp experiences a force 

'" ' ■firai.tmi towaiil tile left - here dp wiap/ij,, ,p,, 

•i-t .ws.rliant lorcw a the ri- .(Ji,-»c t Ion le thu. 




.'i . ^4 








IWI 







per^ unit voliime 


K-comporient 


iclp/^y) and 




V ca j. tj 


V i I j. y 


Tor inviscid rluid 


pitrticl«<B , If viEicoaity is present adtii tionai terms must be 
included in the SKpression for the interriai force per unit volume 


C.F, 12 I 


3. E QUATION OF CONT INUITY 


in order to express part a of Newton ‘s pnncple Conner vat lorj 
Of mass xn the form of differential equatxon the ditf erent i txon 

*n,iit..aied m equation <1,2) could be carried out by trarm for 
/inq the .inteqrBi aMltably . U ia simpler iunMravor to consider 
the ractangui, ceil or fig, i fluid m*«« of flow into the cell 
through the left hand face at the rate of PU« dy dz units of mass 
P-?r second and out of the right-hand face at rate 

‘iy Where 4(Q.I1) is the product of dx and rate of change of f 


3 » ec i; ion.or r(yAif<pr? » i w.. vi. 

^ J drf’i „ Ihiis fcti© net 

the amount of mass present in this volume element caused by fi, 
across these two given by-ta/axl^iT^lJ dx dy ciz with 

analogous expressions for the other pairs of faces. If we use the 

jcr. :j IV f divergence of th'e vecto,- v for che sum 










V . 


z ' t a ],. c 1 1 a r I y 

cl 
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Ilia a© |;i»r unit ti. 


me xa 


trioviiiri 1^1 ^y||. turjlff i, 


mass of '^ach 


invariant ip , <iccprdiiia to Law of 


7 



* nc Cv* b tdf i“ WG* G? n 




^ianye m tiif 


ileus ;i t 


cei. i 


and arter time dt 


wher 


•lanqe ot mafsfs 


that 


a 1 1 D n 


^^uted 


is known 


Gfqiiat ion 


^“Ont j nui ty 


s 1 iqh 'c 


e)-en t 


b^btainevl 


O'tn; j 


usjnq t .uier rule 


^yBilON OF STATE 


common for 


equat ion 


umption 


and 


ion Of th.e 



I’his meari' 


that 


poi. nt 




point 


nronu’;?n t 


such (p,^) relation are 


Constant 


o ns rant 


" OT example. i « » „ 

1 l-ld> pressure density are 

in cienrai if- i t 

■' b® ^ia«.ugi«ci that -srMi** 

ww i.nat xrjitrea®«»» «,t p 

va, «« ^ 

' ‘ ^ ^pfe^C'fyi, lip 

the tor'aj ^ 1 i(i) 

. . IS til, ad is calJea an eluslif 

Of tMs an,.j„3y t„ case or an sia.t,,- , 

•an elastic solid wliere 

stress and the state of* strain d»fo 

strain determine each other 

tHs r.s„» . so rar *, rained i„ 

for tluid OiUyu.H. Ud.iHs 

a perfect tjas is difined by 


t iona j 


A large part of 




entr 


*9 constant 


9 



•=. r-iv-.ty.. 


J - Constant 


».oi:.^.> „l ..„y ,,UU1 having ,„ tg„clfyi„„ agnation u.ll, 

t’lilh is ,; 1 wxii termed poly tropic. 


•'J ■ di jj;w ^ pF fnergy 

many cases the spec if J.cation of the type of flow is 
q-ver. :,.n the thermodynamic terms, tt is then necessary in order 

to set the spec if VI nq equation (1 JhJ wv 

s «Huai,ion ij.iO) to expresses these 

tliix: iiii.'f c a fisib i e=i ) t 1 1- i 

^ ’ ‘f* •'hown lor assumeiJ ) that the 

!-euipei atui e js equal at ail points for at ! » 

points tor all values of t then the 

equation oi state .inuf-, is relation between T n arid S 

-v-weeii i, p arid ^ supplies 

t-e-iafctovi of fK.e foytin ' u, 

the most common assumpition m the studv rr 

crie study or compressible tJuicl is 

'dsat no heat out put or input occur-a -f, >- 

iupuc occur s for any particle . if this 

i eles s to heat transf er bv rarii *. ■ 

•i aOiation and chemical pi ocuss only 

' -1 flo„ ia ealled simply adiabatic . If heat cn„d„^i , , 

A I neat: corrduction betweer-r 

* ** ' » ijl tlioi ( r 1 n< I I ( , 1 ! I 1 1 1,1 

■ ^Ni hnlod wo uqro.l tly 


to ''-“nslute either aBsumptipi, into a specifying 

•duatipn the fleet ia„ of thermodynamice must pe gpe,, 
fjlvee the relation hat 

the mechanical 

'■<*1 l ables .. It Q’ denotes the total heat ina.H- 

put from all sour'ce fier 




«ie ,:jr,o m.jns t'ir'it, 


■»v'^ r or- .an i nv j i f I i * u > U t:., 




S. 1 ‘ l: 


d 1 

■ P ( ) 

t-it- lit ' ^ 


(J .it,; 


•.p.HUU., hmit Of tiu. fluid .ti constant vuiuine 
heat is measured in mechanical units . fhe 

represents the part of the heat input 

■'^sse in temperature ;tlie second term 
CD* r esponds to the work clone by expansion „ 

tquatiar, (L.l^, equaWale.rt to the more femUier equation 

^ Ci ^ C ci ! -f” P ( jj y . 




cl 

= 

ii 

Wit ICp 

is den 

ved 

f r-om 

i 

'V « .,ij.K> = 

i:. 1 t 1 c VO 

iMua 

) ; n 


i i. . S 

Krn.dV=v'n Vi'o 


f low 

hif,.r I 

1 VI|MI 1, i 1 


riV'' 


then 

U * lias 

fo 

be ■ 



ft-ed I n ti3i 

■ iilis 

•€^ f 

I-) 


^ ^ ssr-icitly adiabatic i.e that the tuta 

^«.V , conducting radiatior, etc^ miierD 

then U'has to he eet equal to .ero in ,x.i6> el.tie Cmay be 

bymeane of equattor, of atate. 

^ ^ X D n TOI"' f' in I 

ni teim or the variable r.p and P xs 

fllK* «: C. * <3 O f i I r -4 r-i i- d - 

‘ equation of state is (i.iS) r -I 

' ' r .V J ( i C...i h 1 \ |r I '' i*-' . . 4 

- - • -> 1 -nut ant cilvou Ijy r. „ t j .p i 


Cv ••■= 


a i r "'i 


i'tn-.-ii equaci on f, 


( i . JUi 


we note for further 


rer'ej ence that 


T - 


-1 e 


1 1 . i ',•■ 



1 . 1 6 ) 


r"‘ ti] 


i b * 


^nd 1 J „ iVj 


11 


■ ■■ t 1 dc( > 

1 \-> it 


( 1 . ciU } 


* ’ ' ^ Uith the assumption that u* o 
•’-<- ■• ! t'iducfeis to the specifying equation 


d p 

- (I 05 — ) 

e 


dt 


< t . ) f 


’ * ' ' ' ' ^ ^ ^ ^ ^ *' P^i" tec i- 1 nv 1 '.?c: 1 d qas 

— . Of a. 

presHea xn terms t.-f the entropy s, giving 


Q' 


T 


ds 

dir 


ds 


« o 


< 1 . mi > 




f 


■)T 


i'. ii''u.‘'|J S t « i 


«il time when =u Never thei ess fchxs 
different for dftmct .part h;ie .,0 
‘fc strictly adiabatic flow need not also be xrentropxc. 


"StT’ 





? f f ^ f II If 1 ^ ' f * 1 1} i‘ ' ’ i ^ 
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6. Oriyin of Htv-Tony Di ©cont inut iem 


fifjeet 


^?Hp lo.ti i Vsii© y^f icnsf : thrQU9h -rockat ■ 


uf pi pjca'cI;:! Icf* ^rid iuc> on.. Shock wa 


pi nonm)nun 


in non 




not; admit 


cont 3 noualy ©h t<?nclecl^ . wl*i(?n6'^v^n' 


eyuatioi^Si ■tjhems.v) I ve© ram-tin reigt^s^pr. fh® concupl- of 


k to tiliKuianii 


w4Ji!?i: 


Qta;ia.l di f fte)rei>u 


1 1 le 


Madamai 


outside of supersonic aeronautic 


wavers 


but also has qroat xmportai.ic® for 


aevpr *1 


rtai.i fc lea, I prop i,ems 


In fftcti «(toc 


waves I 


anyc' t. n idiu asrpdyannac behaviour 


xr tiaXanc^e 


conservatiorr of ma 


'*© ca,1. i(#d I'-ffino hUfl»|i»r on 


iidcfiEi oftlia 


WIron eohsidev 


par ra i u n 


tompfession procea® of 


gaa , w» find ttiuil? *|hV P«no number h^m' J 












or« •*umfiu*(. 1 on cotvvMnclon h#n« utfwn artoptatl rtntt it <f) commu 
ot lowed dy an index donotea partial derivative wifcn respect tf> 
<i j, u is the particle velocity given uy ' 


1 


nd • is the inter rial energy per uni t mass .. hlady jaa usual 


l,S7 


15 trie bocal derivative following the fluid motion . fhe equation 
1 epi ebent i ng the conservations of mass momentum and energy across 


tlte surt 


t t ace ot discontinuities (due to subderi explosion ) are, 


pt IU,> -^S ) r»i= ^wi ili(K4-8> ni « fh t»ifi 
t p 3 nv = -M C Ui J i.-dV 
8 S 

( W I -"Ua V •" mCl , 3 » Pj U.t 4 n» ''’Pja U«» n* 1*30 








rits t and d denote the cor r*espor>d;my cfuayitity 

I or «inti tmnincl <r«fjion ii> th« BlanX *4011 t-aow „ 


•'» the c.oniponejrrts of thfe! unit normal to the discontinuity 

dxi ecr.ed from the region 1 to the region Q , f5 i.j the velocity of 
tnw assr'-.OL i ateo atiock and ttie tir acket t .J denotes the difference 
of values on the two aides of the associated shock surface of the 


, Ifte equation U.aLl-l„30> are the so cal led 
ankine -Mugoniot equation c.f Taylor and Maccoll 171 


ihe exp* ebtiaioris tor trhe flow quantities bEihind the shoci: 
surface in term of thes quantities infront of the shok are. 


ftvid 


im ihe shock strength defind by Trueadell and is given by! 


ij&w ;-4I'.d -Qeld gaa^ion in a 


fhe interaction between hydrodynamic motion and 

in ,, conducving gas ^ is importancft i rr firob I «m# ^of ! 

uphyalna jl3etiphyHlc:. ..nd tha l,..hW3louv , o T i .lt«. -.k, 1 I.,. 


(per conductive gas regiorhwe study th 


mo t i D ri o 




-u. ..ny ,:„nd,,cu,„j Tl y 1 ,1 > „ U., , a t »c 

t-u, .u„ account “f tl.o cotton Of th. gas .Xectrtc currents 

r,r .nducud and mod.fy the flow . rhe interest and difficulty of 

this interaction between the field and the flow iron, the subject 

niattwr of «iagnetogasidynamics . A^i is dunia 

fc» i-> done in many practical 

problees.we have through out the thesis ignored the Marwe 1 1 • s 
d.splaceeent current, and considered the eotion of a continuous 
conducting gas . magnetic pereeeblUty 1^1 ha. been 

taten as u„ifg. ^0 field egu.tions are. f?! . 1 1 0 J 


Curl E 


Where the syebple H.f.t and c denote the magnetic field cir 

c^«.v.aitv fOlcctr.c intensixty and vslocify of light respectively 

the riuid haa velocity U ,the electric field *.hich 
o.<perinc:es is t + u ■< h , Thus if o- is 


electrical conductivity, then 






A^t ift coMu»«n,(iuHnc.i« at < (I .lift) ww »uiv« 


«rfti'.y Df y unciwr ctarfcain m«CJTif»(.o(j«iijaynami(, 
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llf)cKt ,\Or!J 5 


asixpati ve mtschan isma , aui;:h aa 


condutr.fjf.vity and el tjctr xcajl ristsiatarice 
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cjovtH-Tunq the 


c,oi.ii:t ,l Bd 


(no h i on 


agnetogastiyiiaiiut 




Ukilk,i 
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The .iftu.dy 01^ 
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poucjbj ii txeti o( •fci.ermouut. lttar powei , by High at theoute* 
etige® of th« atmoapl.ere , et.c,,ha« prourfucred mar.y papers 
de«crt».r.g shock wave properties . Th« basic properties of 
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^'V ri 5 J Heifer ri6J,l.ust 11171 , Bazer h 


• nt, f,A..wdl i.)H:j and many others, and they are now well 
.out tf.e more complex questiem of their existence in 
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field the relation com, ecting the flow and field 

hn the two s,de« of the associated shock sur'faco «r, 
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1 nt luuce the thermodynamic pr oper t ie 
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U,„ nl.at.nn is the same thron^himt thennOosiire . t.t thi ; 

n i.i.iial,on pa. null yoldme be ItnUiau trial 1 nUrndl ;; 
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There i-a certain analogy between radiation and a perfect qa«f e 

the energy of both depends or! yenrperature^ a both exert 

pressure. According to the electromagnetic , theory of light , 
lAdjation ener Is the pressure , c > f . f-Sl 3 , 
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■li.uB, the er.ergy of black body radiation per urutvolune 
Pi cpi onai to the fourth power of the temperature . this is 
■nt.nn Stefan's Law and the • co,,stant is called 

tsfan-BoLtzmann constant 

' Mfhj tyjx uk yfutiaiiyii*. . ■ 

«h« net amount of energy passing thruugh the surface 

on,t time is called fche flu>c through the surf ac« and for 
' lUiii 1 !: IP pis'en by the enpreaston (83). ; 
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-tHJ) <T-U> Hh 




<kU--r) (k -J. >U dcF-r^) 

(ku--r> I* -— — — — q-r 

TlU “ n') exp 4 <U"'r)'r^ cIt 


ia,.57) 


v<ii«r « B . tJi-7 , B. > , B#. , and «r«t* consliftntw dwCMjfidinq prt fiamw , 
f rom equation f. 3.r.!) on usiruj <. 3„47> av»d we qet ,■ 


1 c)|p J dq 

1^1 d'( , dT 




>if f Bi ent i a 1 1 nq U3.S5) with respect to r and then us inqC 3. 58) we 


ta-k) t.fteU) dT, f 


+ u « 


■tp»u*’ (y- U) ^ 


s'.-. ■ >, i i' / i'i ,;.■; 



DamtU- T ) 


o»py 


< (t— U> I- 


D|*m( U ) 

— ^f>;MF J 


d ■ l}^AkX.I-r } 

■if m-r* 


• i% <kU'-"Y) 


U<-i> U 


(U'-T) 


d { F'T*^> 


d-T J 


■ — - Vs : '-s ' ‘ ' V . J . ; 

I ; ■ ‘ ’ 1 ^ 'I > ' I 

0 aqiiarii^i (3*, atirl <3n^55) ©xpr’^^i? r^l.ilt’lop'Citiip boti’^iajan 11 

|nd r then <a.3!S) > t3.b6> and <3,57) ©Kpreas «rtcl H in terma 

d V and thtareforo, qiven the r«quir«d aoJlution^ 

; Jn the absence of any radiation < 3 ffect«,the Kiimaiun's 
:ofTit:ient K becomes the usual arJ.vabatic: exponent t avtd th€in , 
;hB solution refferred above aqreesi w:tth the correii-pondinq 
lolution in chapter 11 . 


1 . J . L . I ay lor 



■> .■ J j Rt) pl’tvti , < X I 
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a QE E.muwAfiLIit.a UN B ADXft-i ivy| ^ 

OfelONAilQI^ 

INTRQDUC.IipN . 


gPHERX-CAi., 


K.«.r A de.*c:r>b« h.,„ 

«y b« bppu«. 

«n .ph,rl.-.,i d»l;„n»tlon..Kvr,ch taV''Wylo^' ts;/ 

pr„p.«.tz.,n pxplpp.n, ^ .r.. 

Uv/ astiuniinci bhef uncj isitur tjecl cleari^itv fco 

o«ris(iT,y to vary according to some 

inverse power o1 rji.stanre from +■», - 

c-duc from th« centre of exp J.osion„They 

liQWE*vc?r vtoo .1 Ct*tr i @'cl f rwi-i' 

c,c,u„t<=, t."»=.-pp p and used 

to simp titv the analysis . An spi*t:1i*J ra«e) of Mio r s i 

i Ui© problent 

taken by layiors Where ^ counter i>- 

. JBiS'Stg; 

um: ut UU„|,., J, al inuu.uu,. .o, he, sDlutipn . Bedijv Ki] tharefore 
look .,Ud auuuuut counter prassura hut „,ru„«d uniform danmty in 
t-ln. nm1i.-. Ini oail otaca to avoid the uee of the numertcial mBtliods. , i 
'«,« lojeludiad in conducting gaee., the prop.gation „,f i. 
cyilndrical shock produced on accduntiof instantaneous S^didy 
'■«)ksse «l,-.i,ht Jin. by e.eue.n, ,,lih.,l.|»^^!4 ofi t.,,^. 

undisturbed state to vary as , r being thj "dfen^e' from the 


iu t^^is part of the Chautei 


tfiB pEi^payat 3 on of 


s © *\ f j i. o ci I d © t* o n.B t i t« ri ss p r o ci u o ©d o rt 


^ ■ , tnurgy 

^'ipiDtnon irt tu'dipary ■ ga*0» where r 
inliM .' A* *»■»*' ‘f 

IS takei'i .to . vairy •' a® 


from tlia poiiit of, 

rji.effe 


been 


«* "l.te 


]^}nrl||ii.yrb#d: 


om 


■ 







then 


i.Kt US ar,s».ui>€* thr- var itabiffs- as 


whftrfi) 


^ ( k- 




With the help of (A.. 6) . baroinefs 


^ 1 "* : 6 U , ■ (|€tS,) } 

..... . t- u + kp ( ♦ — •>»- 9 -t.vp'! 4 . 

^ t O T T « > ' i i ? 1^: ' ^ r‘ ^ 


Itut qy «qu.nlu>n < as qive.u liihhnptqi UDuquatif-n UJ.Jp) ib 


t . V > 


1 

c!t 'r 

where 


I®* (UI+F) ’ 


6 'rid 


kp 

J » U* < — 



,et the motion be asfjuntort to be confined within thi: 


ff'te vbJoc. itv of the 


vjave movina {x.j fjw-artiJe the 


intront of the shock wfien 


the flow velocity is assumed to be 


eroMAlsf.) J.et these quantities 


ancJ U 


Vhg?r> 1;hfr» 


general I'^ed Hankine-Huqoniot relations for this 


wr j tten as 


been neqJecLeU in ct'mpar xsiori to k'rj which xa now written 


We (tave also assumed 


constant), n.u 








llll:A±iJj L 


: ^ , : :< :r-^ii-N^rr«Trirt.|ir^ 




where 


^ defined as « pseudo- sound velofti ty'H.JiP’ro.m ' (<*,t<*> ijtb tis 

ii ■.i‘#ii|'iHj 'T;'? ' ■'■ ■!^i 

ve J,oc 1 ty of the shbc’l^‘ '-Waye' ■ i s ^ grekt^ri- * t>wi 
yeiof. i ty of the niAss parlicleB behind the *lit»c:k ; 
mass enveloped by the shock front at any time must be equal to‘ 
the mass contained within the sphere of radius R iiii the 

tiiHiiMtui nud &tat» , i.wt ihe dwrmity in the undisturbed state be 
given by :i 


evident that the 


where 


The mass within 


shock front is qivenby 


which IS positive only when o < « < 3 


order to reduce ■ the- »' 


the 1^9 


»■■ a n 1 1 a j 


equations . we ^effect 




U9 a»3ua.«- that Iht, 

) ...nfrov dBR»nd. on t only throuijn ,, . Ih«n 


hav^’ 


11- L > >J 


plus uigtn before tfie radical ein'ce 0 tnue'^ b® c>a®®ntilal iy 
* • H’lw equation C^.13) itp (4. 15); can therefore be 


fj'OHj t J ve 


enpr esraod ii» l;6}rm» of M, and F 


As a cQn»®qu«ncOT of (A, 33) and 


Li ansi onriations fiuHO) we can write 



— 


V, ), 


i:i>xv5 1 ant. 


i:0)\B tHW 


aT>c^ 




fi' &oirt«ta.hb 


I mi ict 


I.tui V \qH£ hand 


j Ei entiui'eo j.t 


( ‘f , iJH > 


Comjaav^tng 


f > Vfe tm \: 


iSiK! i ^ , o6 ) t IK the par atne tei 


corr espondinq to di f rerent 


in thm anri 3 ‘fj tur bed 


^ ■rBMQ.iHER t- Ot <M OJF S lIil L ARI 'f Y SOLUTION 


nuv* introduL.e a new i ridependtarit variable 


^ . d V ) 




variabl« is 


r ion 


Henct? we rtesiume 


A, lowing exf.jroasxons tor 


veAot: 1 tv 


(ivessiire and radiation t lux i 


Introctuc 


and w?? hav» 


( 4 .. HU > 


total enorgy can bw the fgrffi 





,vi(i luAtH.'u tl»« (tquAtJon or «n«fyy (4.,V? Ijecomirw 


Tha Infitrgrat ion of t>bov» equatiori 


•iH) V^n 


8( t;i 


This is one of the intermediate integrals. Multiplyting by 


and then subtracting <^,4S) from it we have 







which on Jnleqration 


( > (k-i ) h/ ^ ^ K-f 


wfwriij 


«« constant 


« i» .»;h« Wtttiond •intyrAa . Nyw w« 
to qet the taounqiary conditions at 


{4,39) into to 




ftilBci a 


(jcJnc 1 i"iy the auKiJiary tginctxons 











i»‘tarmt»diai;e infocr 1 ^ ^ i 

innegi ,d,i and the daf iVr oot-, , i 

PrabAwn t^k« th« foA lowing form . Uom. 





( k+i > f 


t i on i « 59 ). 


;whan integrated 


Ihen 1 


ni I me i i c:: a i. i y q j. v e n f 


lamed vulii tlje help of i4hHV> and (^.53l 




y and L bect>m»‘ mfiniltw 


a point distant k from the point of sKplosion , wher ^ 


I 




inquJ.ar it'v occurs at a point where 


V and 


whev e 


ttn putting the vaiue of k xn it qiveis 


(^.65) b-ecome 


in the case wJ»er 


(<j.65> qivevi 


the toiiowiup obw^rvatioh.'vjjl;:;!!'; 
i ' ‘ \ i J ‘ ^ 

i») and (‘+.6?) indicalfe th^tjfor ■ €i^ 


tli«r«f or’# 


ta> r»»e equatiort 



■crifi 


i.ri€|u|ar i ty 


distainc© thW 


Obvoous from tf.e value of k gzvr.n by <4.7> bhat .b.ie 
«ncB ot raclxaticm «.f bect« k xs wqual to -r . t .a ut 
note that for « Qa« 4/3 , k also equal 


intarffit 
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toii OJBnoiMriNytj tv jjM t f-fc RMrtL 

M &lnUM ^ 


it hrtfc bmmn obmms/wd that iiretssurfa den» jty and 
vahM ,iv cnntinuou,* a.cro«« M movtnq m.rf.icrt , wlu.i.# al; 

one ul thE- riist denvatveift of thfis© quantities', with resfJetrt fco 
the !5pace coordinates wtire discontinuous , Ihomas 1, a:j ca.lled it a 

liioiuc wave of ordttT onw or oiirtpjy a «on>CjWav« apcj diRcuSwed its 
Ijr^wth and decay . In the present studied: how 


IMAM some dlMCUtll HUH tj|«« 

■ SiUd jec ted to i adiation ■ , lu the^jcour’s: ; 0 ,f. I', discuss, wevhftvG 
introduced a qeneraliaed form o'f Klimshin's co-f'ficient obtained 
second avid third order cpmp^tibiiity condiciorts »ud 
studied the yrowth and det:ay of plane and sphencai. waves 


£iJiayfixiiifc!S so vebnino flow and 


lerii'ied aiedium we may omit viscosity and thermal 


CiM iaur: I; .i 


th« rUt f iiriirit n ai equation govtn riinq motjiort of 


Hiien radialrion effects aru taken into account 




Ui.U.ilJJ, . +■ 


p.„ and p(^ bt'inq Lho materiaJ pressure and racJiation pressure as 


equation Ci-i) 


and <,S.3) are referred tv:> 


system oi rectanguiar Cp-prdinates xj. 'a comma <,> as utmai 


indicates partial derivati'/e with respect to these co-ordxruittts 


ts ttie perner al }.zed Kiimshin 


iiu Llufintad Later, ilnji tnii ter i a I untj'i rjy and i ^jdtation 


art? q j ven by p,,,/^} (t - 1 > and lespectively where t is 

afion of apaci. fic heats - Assuming, • ' T ; 


al energy of the gas is given by 


«», i 't - A ^ Z i y 


3 (\r-i ) + z 






i, t: -to tlicat' wtien 


is^whfyn rartj.atjon efTjfic.ta 76 
Rtticientk' be^comes acjiiaJ , 


;,r^j ne t t on- idt»r «a , thfc? Qfesnftrai i, 

^ y^e USt%a£ a-stCsbotrifC 


of ilQllt 


anil H ill ik 


Be* i tay'iiinn constisnt' 


movxnq sur tanf* dienoted . Ihtan if thf:^ 

Jump acroas the moving surface be indicated by ‘a 


i d 3 SCO n 1 1 nu 1 v y o r 


Hw flitopitma lljta lUfguiaJtly of thu wurfatw S’d t ) 


iiiiiiting value's of the functions and their 


this sui face fi om each side 


U 1 If? 


moving aui lace, tlie tollc/winq reiations 



i!t 


ui ie 


tnt? qtiant: j. 1. 1 tfs 


wnei 


bes nq 


lUrface £<.t) 


and 


functions 


can bfc rtspiaccd by «c4ti,ar!S 

y a T^Vl wiierft yi ar«3 the 


• Ih® quant J-t icti 


^and \ since -** ( 

compinientii of iho unit nor 


ihe fiurfadw 






and the idooujatib-i 


ihe v;!qudiions 


uotuU I lonsi 




( Hui ti ipiyify 

the normai velocicy. h 7 ^ 


wfier t 


IJi and 



hUii i nti ( b - i 7 ) and t S „ i B > we have 


Mulfipi yinq (.h.Jv) 


Hs a conseqiiancii of (.b.. J.9) the e‘quat.iot> can be written ae 


Gwpoed S ot the weak tli'3c:ont i.nui l.y defj.v^ed by 


Vh®n 




follows from (5.. lb) ana that 


o iiiearu\ig t;h<-!rehy 


I.I 1 W •‘hUi I acu 10 OitI 


u anti we fiave frbtrt 


ilencw 


iation (3- I 61 ) 






1 

1 


■ 


Ml 


1;..’ 



mi asaviuiiHf Liiat cn© weak 


inuity xt: 


pro,3aq»tHd into, a 


at rd«t wu-hin „hi,;h total 

constant ; tj , . , 

prop.., ion Of th© wav© j,« given by 


■ P ^*nd density n are 
anti berjce the speed of : 


Sit} 


tlii»n equation 


to (S^a6> become ' 'ii ' 






t-. HiSi-iiB. QBjUfeft gQH PATIBiLITY C OMDXTlOiyR 


■ riiff cond x t ions of roiiin^i-’i^vi i ^ • < ■■ 

comp^tibHity^ot second and third orders o 

d.,. quantities p , and F, are appXicabAe :cn equations 

to .f-M. . wr..,n (O . .the co»„at.bll,tv conh.ttor.e of 

the second order for veloritv ..ooponente U. are pwen t,v. 


corf eapondiiiQ conditione of cofflpatibiiityj for Urt® f ancfc ions i ^ 
d Ft are given by ’ ’ I 


a,oc<Vi K 3 ti 3 + Vj -sitfi) 



The third order compatibility condition for the quantity p aa 


v«n by tSJ iti 


and ■ ‘i», aralnaw _Tuctious defi'n^di 


Where the quantitea 


orr tTi« »urfac«f K<t) and b, 


are the componenta of the ssec 


fundamental forai of the surface -The relations 


' h 1, ( ti . 3^1 f , < 5. 36 ) , ( 5 , 38 ) , and (5.39> ar » cal let! <|eo«ie t’l I cu ( 

' t i ■; i 

conditions of compatibility and the equation (5.33) , and 


(0.37) are called the kinematical components of compat ibi 1 i ty . 

.-i . ■' li 

bince i<i ,i0are the components e:f , Jtni^ iVecfeors , tarigent i ai t j the 

?iurt ace Hit) . we have, ■ 









respect J. VO Ay of the surface Vat) 
product Pu! is by 


|./ un sxrH? 


the disc;ont;inuity j.rt ttie 


- a>, ip3 + — cpj jflj 

n ..... , 1 - ,-qst q„ ,, Of i;,t, .„„j ,, („,„.,.qre 

and ciefisity av <9 constant nn +k»«- j 

>'^v.aut on this side of Iho surrat.u as n, 

Het tion ;-jf , tiien 


tPu'i = -£.P 3 LQJ 




provided the quantities P and « invoAve derivativoM of 

p>- ....u, u „ denviM y ,n-< a ( ac ..or u, have ,,a^ a i actor ., the 

^'ou-citv romponents t. . or their derivat,es . fhus . pe paye 


S ■* 

UKjUt 




<».<ruy 


^ ( 5 . 49 ) 




G Z •»• 


( 5 . 50 ) 


L — 5— J V. 


. y > . 5 1 . 


(5.51 ) 


Vj V.. -a. § V,. 5(1 ,(3 ( 5 . 5 B) 

And with the help of (5.47) we have 





yt. IHE C0MP AHbtH1Y CU NOX ( 10N8 


L)i t ferent I a 1 1 ug the equation v5. i > , <b.d) . J auo 


and obsei viny that lU 


with r 



(Jiff ev” en t .V a 1 1 ^ ^ - bV ) we qe t 


tliu Corupat II.M 1 i iy ct>Ti(1 1 t J ons. of sauorK.I anil f.iviin 


we ob lain 


Bubytitu ting for Up m 


(kH ) 



(kQAi n 


witn thB helfi of 1 and gei 


Di 1 f nanl i a 1 1 ng the equation <5,BB> - ^5-3u) with respect to time we 


Bimpiityiny (S•67^ Dy making u^e of <5«6B> and tb.HV) we get 


> B^>1U . i* 







.. 


whwte 


C . t a~l wa 


Aqain, with Lhfe* help of (ln. 6 B) , and ( 


When sonic wave surface Xifc) are propagated into a quiesc 


the e(^ual'xut"i ( ti . 6 V ) , < S» 7 H ) and give tfie equations foi 


guanliUev-. .v , /I and J aJonq the normal tr ajectot les of these 
■■.iM i i.>. u" . I 1 uiti tlieiifW equations one can also predict tlie qrowtfi and 
decay of tliti «o»iic d lacont inijiti** a»itJocialeU with thw w 4 y» 


cm I (y i; o. ) . ' , ' ' I 

l.tjt £ ( t,^ J repreaent the weak discontinuity sur tivce, 
time t,. . llien .if o be tfie distance measured from £ttc> aioi 


tfie nc/» nia ! tr a.iector les to the family of surfs'-*^ 


8 It t^>/ and the guantitie 


qi r er. t .1 Dii t>t pi'opag t ion :r 





I'vjitic tiou ot t!>« dislanr.e a along each of the uoiaiai 


From the squatiori (5-69) , c5.7e> and (5.73) we get 


( k >-1 ) 


it will be ’Convenient to use 


As we shall see below 


chat follow 


6. PLANE mk SEUfeElfiftL 


Che mean curvature 


In the case of plane discontinuity ilib) 


take 


o and then the equatiofis 






being the values of the scalars X /) and Y at 


and 


o , Substituting the 


equation (ti.70) .15.71) and (5.^) 


a respectively in (5.87) and observing the facts that k i 


always 


Ihen from equation ( 5 . 83 ) , ( 5 , 04 ) and ( 5 .B 5 > we can 


, 1 ; , . , . I I . - , 

discut^s tlie following result . If ,/!/ and are. negative the 
quantitea ,^and^wtll approach zero as the distanr.aj <o 

theue (luant i 1 


pi)sitxv» value# of 


wfnir'iiay 


tier’oniii i I It n'li t:i* f iii' tti%f ' va t uf> o f v i v#n' tiy 


it iDliuw# from the equations (S^cii9>. that xt one oi' the quantities 


/lii or IS negative or positive* Also tiie three ^ iri 

Cb.BUi iiumt tiave equaJ values- 'In the first case Hhen^ 1 «c,alat s 

are negative the «salc discontinuities will decay ,hp, -out 

- , . ^ ^ ■ - ■ ’ , ■; ■ ■ ; ' ■ {,. ill \ ' r 

while in the second ' case when the quantities Ifnsi Uic 

■■: . ; ■ ■ M * ;!•* I ' ' '■ f ^ , 

' ■ ^ ' ‘ • ' ’ ^ ‘ ^ ' i ' ' *r ' 

woa) iHauontniiutlus will go Unlii ^ r"® ^ 










where tlie integration has been 


out with 


Hankw)'*, ctmtour „ Am f< ^ Vuiudfeo 

indicatitiq that the weak discontinuities are clamped out whe 
ir,ev bec ome induf ini tel v 3 arge as It o , showing that the 


ij I *r4t. u I i i I I u ill y iiitivi I nil ri tti :i r> to 


lioiMf uth iM ( f 4i;t I u 


DC;i“Vi€-! tiV the Hankei’s contour aa wtil i 



thffl growth atrid d«c«y: ^ of 






ivi Ulaal, 


d Iscont >.nul. t ie 


Jotir Mathj mecti . 6 ( '’•i > 


Ihet pioymorphic cletonat .tor> fhy 
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An Introduction to tht; 


1‘3>3^ 


3. Chandra shekar 


ot stellar structure S& 


Variation of radiation’ Ui' 


3 -K«C'har» 


at temVat'l ng 


behind at 


Ihe pliyB. o< 


wave 
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m &.xEMe;.Na EmssM^ saoe.^ m iiejaNgioiHgemk sigiEtia 


IMTRQOUCTION. 


Xf Z(t> fco be wave stirface or bouritlary ot a disturbance 


fjfopagat Inq in a thermally coductintj viscous gaa.. On account 


of the ga& bomcj viscous , tim continuity in velocity and h«r>ce in 


On'R ;isi , thwreroro 


wu 1 1 tae assumed 


dens 


over 


and quite naturaJ ly too^to assume cohtinwit-y in pressut e as well- 
but since from tfie basic equations govern inq the flow it can be 
shown that all orders of derivatives of surface density and 


It) ..One- xs 


must be continuou 


over 


conclude that iUt) does not sustain a di ac ont inu i ly of any o» 


and as such wave of finite thicknes^j is assumed -Uince there is m 

: ! ' ■ - i f . 

mathematical or. physical requirement pf.|r.ontinuity of pressure 

/. . ■ Hi- i'- - «' /ii.r.ii'li' 

over the ' surface JCltNwe assume'' V 'at Uittconttvtw^i^V^ Ah 

■h ^ . 

surface. This enables us to conceive the idea of | what Ihomas an 


tclstrom IJ. j called the pressure sfiock ,.which is of smyhific 

\ ■ _ / - :r!i ' h ' 

importance especially in the tlieroy of blast wave s.bL decks r 
obtained an solution of Velocity and temperature flow bel 

propagating . r. sh-ock^C. in a d««t,our pur pips^l 

■ ■ ' . : ' t ‘ ^ i ‘ ‘ 

piewent work is to derive the growth equatiorf for swchj;; press 

iiirork' »j» *: thermaUv and electrically ;|4i4dOu« • gas w 


radiatioria effects 




. ! ■; 1 : ; i H : ; : k • s . ! i i ! 


Itie bound ary 







tUi J 


where the eymboia have their usual meaning . Equation u,.3.) 
expresses the contiition ot continuity of velocity ovei ^htiywhil 

the condition given by equation stating that U.e 

directional derivative of ■ the pre'ssure vaniaHess on the f iow^, 
of Sit), is suggested by usual pressure condition in boundary 
layer theory . This condition is applicable since the flow 

in tlie imwediate neighbourhood of » ii4W 

sur r ounding, a moving body in a viscops f luidiidre. ai«iia» - 

eguation ' ■Cb.d). which involve,* .W'total^ i I 'tim’e ^ 

T, expr esses* the condition that a mater ial partite has a 
■stationary.,, temperature at the time of its cphtaftj With, the r-ear 
Of the 'r.rrfdc® ..As'.fcbri velocity vahUhaa on the surf ird#;-,. 

iUt) this corrdition can also be expressed as. 


Ui« condition <6, A) #Hp«*e»W«s the fact 


!« . Lorerrtz foce is ?.ero^ 


surface 








Sa. C QNDU TIQNS 
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snrt ace 


are thEi tiauasian crn-or d ;tnt«- 


uk'iuaJ^the vartyra of Latj.rj 3 nd t c evi ^r«tf.jrr i nu to !sr)«,t. ton 


I and that of qr#!*; Jindiciffii to r«f«»rrt»n;> to *ur'fae:«» t,w«UT,or 


Assuflitnq the fluid to be lnftr>4t« elef;.Lrxcal conduct j.vj. tv 


the flow and fielci ecjuations .tn case of heat addition are 


where 


components of, rvslocii ?iy,, '^rj; 


addi tion 


constant anej F % is t 


respectively ; a is a 





tsy , Upi^dhay^ Hai'* ^ V-* 


(7.lsi> to <7. .6) mcromm t:h» whotcik 




H^/ 8 it , V» Arm tha component* of the veJp^,J|t 
ktive to tke shock that is V. « 
the' shock along it* {(■■‘■'r • ; ; h '/iliji 


where p 


f luxd 


being 


strength. QE. 1.HE. § , HPQ ii 






iie shoct 


the den*i 


©qxtat i,onB ■ < 7 

fiii}«Mlil l:fJ iiltl ■ H ill- 


so that the , 







<4jr ^»t Vir* -^ii**'<S> Htt^ 


^ir <i Pi Vir-» Ht b 


-trn p 


I V?,-, ■■ ^ '.l+A ) H i 1-1 


Lp" Ji 


' ' ■••• ' Q l ^ 1 ►! 
I i <i 


wh»< « Iv denote tn« c 


« 

?on,p<,n«nt. of l.f.« ««"«»« *"'' "* 


.. .1.0 PO».l.,l- to obf«n .11 th. ^ftoron^.l-vt-oft 

Shook wave., in »angnetoga.Uynamio. w^tH heat addition by appJV 
Wchnxbne. f ollowed by va. fo- authpn. tor co, respond .nc. prob 

in ordinary gaadft - 

>H ^ ' vfafcsfeufiie * mi*ittfjlhet It:, ti 

unsteady plane ahonk waves and I.Ndbdf Jthat lha ,. 

nnentr U1 a,H) BO that th* energy iepuation becoi«B5 

has cpKiponents uj,u,n/ » . ^ -.v , ^ _ 


• ■^■••!' ■ *'ii| ; ' 

, '. : ; ^ .:' \ ^ - ''^|ij;l! 

at " at ■/ ' , 


■ ^ ' (V.ni) 

' ' - ! i j 1 1 j j ■ • ■ . I ' t ^ * ' ' ' ’ 1 ■’ : • I ' ' ' ' I ! 1 1 1 h 

1 '[*■ This effefctive sou>xl sp»2t‘d S 

where i* another consi^ht . fh ^ ,, 

■i . ■ ' ;. i . ■ ' ....„ ■„ i .AiA * d £ '■ » ..i -s ( i .,. .i 


,>«tricoUy oondbBtlng eediue 1. then given ^ 


' ..:' '.;:! d;.;;!,iiVh'i'iM'^^. ■ 

y-r,ir,”!,!in-ht;:i';;;:H.^:. 





So that thee equation (7.J.5) can be. written as 


Che .lutnp conditiotis <7.. Icl^ to (7»14j then ‘take tiie form 


anti the enerqy , bal ance acroets the rihc>ck qive 








^iirD 





' f 


I 




■ 








1 %:^' 




iiiiiiWiis! 
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whicii has the same form as in ordinary "g^s dynamics except that 
here it is also a function of the magnetic field, and heat additio 
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